The sources of forgetting in working memory remain the matter of intense debate. According to the SOB model (serial order in a box; Farrell & Lewandowsky, 2002) , forgetting in complex span tasks does not result from temporal decay but from interference produced by the encoding of distractors that are superimposed over memory items onto a composite memory. The main tenet of the model is that the encoding strength of a distractor is a function of its novelty, with novel distractors being encoded with a large encoding weight that interferes with other memories, whereas repeated distractors would result in negligible encoding weight and no further forgetting. In the present study, we tested the 2 main predictions issuing from this model. First, recall performance should be better in complex span tasks in which distractors are repeated than in tasks in which every distractor is novel. Second, increasing the number of novel distractors should lead to more interference and poorer recall. In 5 experiments in which we controlled for attentional demand and temporal factors, none of these predictions were verified, whereas a strong effect of the pace at which distracting tasks were performed testified that they involved forgetting. We conclude that, contrary to the SOB model, the novelty of distractors plays no role per se in forgetting.
The inescapable forgetting of even small amounts of information in the short term is a striking limitation of human memory that has for a long time attracted the interest of psychologists (Ebbinghaus, 1885 (Ebbinghaus, /1964 . Surprisingly, more than a century of scientific enquiry has not yet provided us with a satisfactory account of this pervasive phenomenon, and the causes of forgetting from shortterm memory and working memory have recently been the matter of intense debate. Following a long-standing tradition (Brown, 1958; Conrad, 1967; Peterson & Peterson, 1959) , some researchers assume that memory traces suffer from a temporal decay in the short term (Baddeley, 1986; Cowan, 1999 Cowan, , 2005 Lovett, Reder, & Lebière, 1999; Page & Norris, 1998; Towse & Hitch, 1995; Ricker & Cowan, 2010) , whereas others deny any role of this factor and assume that forgetting occurs through interference between representations (Lewandowsky, Oberauer, & Brown, 2009; Nairne, 1990; Oberauer & Kliegl, 2006; Waugh & Norman, 1965) . In the domain of working memory, the former conception has been championed in recent years by the proponents of the time-based resource-sharing (TBRS) model (Barrouillet, Bernardin, & Camos, 2004; . This model predicts a series of time-related phenomena in complex span tasks that were empirically verified, lending credence to the temporal decay hypothesis (Barrouillet et al., 2004; Barrouillet, Bernardin, Portrat, Vergauwe, & Camos, 2007; Barrouillet, Lépine, & Camos, 2008; Barrouillet, Portrat, Vergauwe, Diependaele, & Camos, 2011; Camos, Lagner, & Barrouillet, 2009; Lépine, Bernardin, & Barrouillet, 2005; Vergauwe, Barrouillet, & Camos, 2009 . However, adapting an interference model of short-term memory known as serial order in a box (SOB; Farrell & Lewandowsky, 2002) to the complex span paradigm, Lewandowsky, Geiger, Morrell, and Oberauer (2010) claimed to have obtained results that pose a challenge to the models that assume a temporal decay from working memory, such as the TBRS model. According to Lewandowsky et al. (2010) , forgetting would not result from temporal decay but from the interference resulting from encoding novelty. Our aim in the studies presented in this article was to test the hypotheses of the SOB model using a complex span task design that allows for a strict control of temporal and attentional factors. In the following, we first present the Lewandowsky et al. (2010) study and argue that their results could be inconclusive due to a confound between novelty and attentional demand. We then report five experiments in which we removed this confound and tested SOB predictions about the potential effects of novelty of distractors on working memory performance.
The SOB Model and the Lewandowsky et al. (2010) Study
The SOB model was initially developed as a distributed model of serial recall in which items are represented by vectors of features associated to a positional marker and superimposed onto a common weight matrix (Farrell & Lewandowsky, 2002) . Most This article was published Online First May 7, 2012. Gaën Plancher and Pierre Barrouillet, Faculté de Psychologie et de Sciences de l'Education, Université de Genève, Genève, Switzerland.
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Correspondence concerning this article should be addressed to Pierre Barrouillet, Université de Genève, Faculté de Psychologie et de Sciences de l'Education, 40, Boulevard du pont d'Arve, 1211 Genève 4, Switzerland. E-mail: Pierre.Barrouillet@unige.ch important, the model assumes that encoding and retrieval processes are dependent on events but not on the passage of time. As a consequence, forgetting in SOB does not result from temporal decay but from interference produced by the encoding of additional information. The main tenet of the model is that this encoding is energy gated or novelty sensitive. The encoding strength of an item is a function of its novelty or dissimilarity with the current content of short-term memory, with novel items being encoded with a large encoding weight and those that resemble already encoded information receiving smaller encoding strength. Thus, repeated items would result in negligible encoding weight. Assuming that encoding is novelty sensitive enabled SOB to account for the fact that, when distractors are interspersed between retrievals in immediate serial recall, repeating the same distractor several times does not produce further forgetting, whereas additional forgetting is observed when the nature of the distractors to be uttered is changed (Lewandowsky, Geiger, & Oberauer, 2008) .
The Lewandowsky et al. (2010) study extended to the complex span paradigm the method used by Lewandowsky et al. (2008) when investigating immediate serial recall phenomena. In a first experiment, participants were presented with lists of five consonants and asked to articulate zero, one, or three words that appeared on screen after each consonant. The crucial manipulation concerned the three-word bursts and consisted in the comparison between a simple condition in which the same word was repeated three times (e.g., "office, office, office") and a complex condition in which participants articulated three different words ("office, question, yearly"). According to SOB, only the first distractor in simple bursts is encoded with full strength, whereas its subsequent repetitions receive little further encoding strength. In consequence, increasing from one to three the number of articulations in simple bursts should have little or no effect on recall performance. By contrast and according to the same principle of novelty-sensitive encoding, all the distractors within complex bursts are equally novel. As a consequence, more distractors should cause more forgetting. Thus, the main predictions were that articulating a single distractor should lead to poorer recall performance than should the quiet condition, but articulating simple bursts of three identical distractors should not lead to further forgetting. By contrast, complex bursts should result in poorer recall than both the simple and one-distractor conditions. The results of this first experiment were mitigated. As Lewandowsky et al. (2010) predicted, articulating a single distractor had a dramatic effect on recall performance compared to the quiet condition, and complex bursts led to poorer recall than simple bursts. However, contrary to SOB predictions, even though additional distractors caused less disruption in simple than in complex bursts, there was a significant difference in recall between articulating the same distractor once or three times. These results were attributed, among other things, to the fact that, in this first experiment, the identity of the distractor words after each item either remained unchanged within a given trial (steady condition; e.g., the same word office appeared after each item) or was changed (changing condition; e.g., office after the first item, question after the second, and so on).
Thus, a second experiment was designed that involved only changing bursts with four conditions: the quiet baseline, a single changing distractor after each consonant, simple-changing bursts of three distractors (a different word was repeated three times after each letter), and complex-changing bursts of three distractors (three different words were displayed after each letter). The results were in line with SOB predictions. Compared to the quiet condition, both the single and simple-burst conditions resulted in lower recall performance but, as predicted, they did not differ from each other, whereas the complex-burst condition elicited even poorer recall. However, Lewandowsky et al. (2010) identified a limitation in their study. Encoding times were longer for complex than simple three-distractor bursts conditions, with a difference of 430 ms. The lower recall performance in the former condition could have been due to this longer encoding of distractors. Thus, in order to equate encoding times between three-distractor conditions, a third experiment compared simple bursts involving four (instead of three) repetitions of the same distractor with complex bursts of three different distractors. Moreover, in order to maximize the possible contrast between simple and complex bursts, the former were steady whereas the latter were changing. These two conditions were still compared with the quiet and the single-distractor (steady) conditions. The timing manipulation proved effective, with simple four-distractor and complex three-distractor bursts eliciting approximately the same encoding times (2.45 s and 2.42 s, respectively). The results replicated those of Experiment 2: Though the time needed to process the two types of lists was virtually identical, complex-changing bursts involved lower recall performance than simple-steady bursts, which did not differ from the lists with a single distractor. Besides supporting the predictions issued from the SOB model, Lewandowsky et al. claimed, their results were at odds with any temporal account of working memory forgetting and more precisely with the TBRS model. In the following section, we show that these findings are most probably inconclusive because the method used by Lewandowsky et al. (2010) confounded novelty and attentional demand.
Reassessing Lewandowsky et al.'s (2010) Results
In their three experiments, apart from the quiet condition, Lewandowsky et al. (2010) presented, after each consonant to be memorized, one or three distractors "that appeared rapidly, one after the other (200 ms per distractor) on separate rows at the top of the screen. Once presented, each distractor remained visible until all distractors had been articulated" (p. 964). Following the articulation of the memory items and the distractors, the experimenter pressed the space bar to present the next list item. Lewandowsky et al. indicated that the experimenter ensured that participants articulated the list item and the distractors continuously, without permitting any breaks that could have been used for refreshing the memory trace. In the following, we argue that this method is not appropriate to isolate the specific effect of the novelty of distractors.
Consider, for example, the simple-burst condition in which the same word was articulated three times. In all the experiments, participants were informed about the nature of the bursts, and thus they could anticipate that the same word would be repeated in the three rows. Thus, after reading this word, the two subsequent articulations could be made without paying any further attention to distractors. This was accentuated in Experiment 3, in which these simple bursts were steady (i.e., the same word appeared after every letter). In this case, it was possible for the participants to anticipate the nature of the distractor for the entire trial after its first presentation (consecutive to the first list item), without any need to pay attention to this word after its first appearance. This introduces a crucial difference between simple and complex bursts. Indeed, whereas simple bursts require participants to encode only one word after each list item and only one word per trial in case of steady bursts, three different words must be encoded after each letter in complex bursts, leading to a greater attentional demand. As a consequence, in Lewandowsky et al. (2010) , the manipulation of novelty was confounded with attentional demand, something that could explain why complex bursts elicited lower recall performance than simple bursts.
Moreover, because of this confound and other aspects of the procedure used by Lewandowsky et al. (2010) , their findings say very little about the TBRS model. Because greater attentional demand involves a higher cognitive load , poorer recall performance with complex than simple bursts does not contradict the TBRS model, which predicts that recall performance depends on the proportion of time during which processing distractors capture attention and prevents the refreshment of decaying memory traces from taking place. In the same way, the other effects observed by Lewandowsky et al. (2010) cannot be considered at odds with the TBRS model. Lewandowsky et al. used a self-paced procedure in which participants are actually free to read the words at their own pace and to surreptitiously postpone reading to refresh or rehearse the memory items already encoded before engaging in the intervening task. The covert retrieval of memory traces on which attentional refreshing is based is probably so fast (evaluated at 50 ms by the ACT-R model, Anderson et al., 2004 , and recent experiments in our lab) that the mere control by an experimenter that participants articulated the distractors continuously is clearly not sufficient to prevent variations between experimental conditions in opportunities for refreshing memory traces. This lack of time control makes it difficult to draw precise predictions from the TBRS model. In summary, the critical comparison between simple and complex bursts in the Lewandowsky et al. (2010) study confounded novelty with attentional demand, undermining all the results and the conclusions that could be drawn from them. As a consequence, the hypothesis that forgetting in complex span tasks occurs through interference resulting from novelty encoding still requires empirical confirmation.
The Present Study
Our aim in the experiments presented below was to test the two main hypotheses that motivated the Lewandowsky et al. (2010) study. First, in a complex span task in which distractors are interspersed between memory items, bursts in which distractors are changing should lead to more forgetting and poorer recall performance than bursts in which distractors are repeated. Second, when distractors are changing, increasing their number should lead to more forgetting and poorer recall. However, in the present study, these two predictions were tested while controlling for the critical factor of attentional demand. Disentangling novelty from attentional demand requires having participants pay attention to every distractor, even when these distractors are repeated. This becomes possible if participants cannot anticipate the nature of the forthcoming distractor.
For this purpose, we used a procedure in which participants were presented with series of letters for further recall. Each letter was followed by a series of words to be processed that were presented successively on screen at a fixed pace, with each word being removed from screen before the next word appeared (see Figure 1 ). In the five experiments, complex and simple bursts were compared, but contrary to Lewandowsky et al. (2010) , simple bursts were constructed in such a way that it was not possible for participants to anticipate the forthcoming distractor. For this purpose, although complex bursts always involved words that differed from each other, simple bursts only involved a maximum of two different words that were repeated in an unpredictable way by randomly varying the structure of these bursts. Because these Figure 1 . Illustration of the design of the experiments. Participants were presented with letters to be remembered, each letter being followed by a series of to-be-processed words successively displayed on screen. The figure illustrates the two-word and four-word complex bursts at the fast pace (left and middle panels) and the four-word complex bursts (right panel) at the slow pace in Experiment 3. bursts were not absolutely simple, we called them mixed bursts. In Experiment 1, we compared the effect on recall of complex and mixed bursts of four words; participants were not informed before each trial of the nature of the bursts. The mixed bursts could have six different and unpredictable structures (a, a, a, b; a, a, b, a; a, b, a, a; a, a, b, b; a, b, a, b; a, b, b, a) . Information was given about the nature of the bursts before each trial in Experiment 2 (either complex or mixed bursts of three words) in order to obtain a more stringent test of the novelty hypothesis and avoid any effect of surprise. Moreover, changes in mixed bursts were made even rarer than in the previous experiment, with three out of five of these bursts in a trial that did not involve any change (the same word was repeated three times, resulting in simple bursts), whereas two bursts were made of two different words. Experiment 3 tested the main prediction of the SOB model, according to which increasing the number of distractors in complex bursts should lead to more forgetting and poorer recall performance, and compared the effect of two-versus four-word complex bursts. Experiment 4 contrasted three levels of novelty in three-word bursts by comparing complex bursts, mixed bursts with two out of five bursts made of two words (as in Experiment 2), and simple bursts with no change at all (each burst involved the same word repeated three times). Finally, Experiment 5 extended these results by using a different distracting task (word categorization instead of word reading) and explored a possible effect of the structure of mixed bursts.
Moreover, in all the experiments, we also manipulated the pace at which the words were displayed on screen. We have demonstrated on several occasions that faster paces of processing result in poorer recall performance in complex span tasks, an effect that we have attributed to the greater difficulty of counteracting the temporal decay of memory traces (Barrouillet et al., 2004 (Barrouillet et al., , 2007 . Alternative explanations have been proposed for this effect ), but, as far as we know, all the available explanations have assumed that the pace effect reflects the possibility of counteracting the deleterious effect of distractors through some mechanism of restoration. The rationale for manipulating the pace of the distracting task was the following. Suppose that manipulating the level of novelty of the distractors would have no effect on recall performance, whereas there is still a pace effect revealing forgetting. This would mean that this forgetting does not result from more interference created by encoding novelty. In this case, the idea that forgetting occurs through novelty encoding should be abandoned and alternative hypotheses including temporal decay would gain credence.
In all our experiments, the SOB model predicted that recall performance should be a function of the level of novelty of the distractors, with bursts involving repeated distractors leading to better recall performance than complex bursts in which no repetition occurred. This model also predicted that increasing the number of distractors in complex bursts should lead to more forgetting and poorer recall. Note that the SOB model can accommodate the pace effect. Faster paces result in lower recall performance, with less time being available to counteract the interference created by the distractors.
The TBRS model makes different predictions. Recall that our model assumes that, in working memory span tasks, a central bottleneck constrains processing and storage activities to take place one at a time, whereas memory traces suffer from a temporal decay as soon as attention is diverted. Thus, as long as attention is occupied by processing activities, memory traces fade away. However, these memory traces can be refreshed by bringing them back into the focus of attention as soon as attention is free. Longer attentional processing results in stronger decay, whereas longer free times allow for more efficient refreshing of the decayed memory traces. This model predicts that recall performance is a function of the proportion of time during which the processing component of the task occupies attention, preventing refreshing activities from taking place. This proportion of time constitutes the cognitive load of the processing component (Barrouillet et al., 2004) . The higher the cognitive load, the lower the recall performance. This theory predicts a strong effect of the pace at which the intervening task is performed, with faster pace resulting in poorer recall. Indeed, reducing the time allowed to perform the same amount of work results in a reduction of the free time available to restore memory traces, whereas the time during which processing occupies attention and provokes the decay of memory traces remains unchanged. As far as novelty is concerned, within the TBRS model, forgetting is not a function of the novelty of the distractors per se but of the duration of the attentional capture elicited by their processing. Thus, provided that attention is required to process each distractor (e.g., if their nature cannot be anticipated), recall performance should not be strongly affected by novelty. Moreover, the TBRS predicts that as long as the time allowed to process each distractor remains unchanged, the number of distractors should not affect recall performance. Indeed, in these circumstances, increasing the number of distractors does not modify the critical ratio between processing time, during which memory traces decay, and free time, during which they can be restored. Thus, contrary to the SOB model, when distractors are presented at a constant rate, the TBRS model does not predict more forgetting when the number of changing distractors increases.
Experiment 1
Our aim in the first experiment was to test the SOB hypothesis that recall performance in complex span tasks results from the interference created through novelty-based encoding of distractors, with repeated distractors producing no further forgetting, whereas additional forgetting would be observed when the nature of the distractors was changed. Participants were presented with series of five letters for further recall, each letter being followed by bursts of four words to be read aloud. These words were presented successively on screen (each word disappeared from the screen before the next word was displayed) at either a slow or a fast pace. In a complex condition, each burst involved four different words, whereas in a mixed condition, these bursts involved a maximum of two different words with repetitions (e.g., a, a, a, b or a, a, b, b) . The SOB model predicts that mixed bursts would involve a lower amount of interference and less forgetting than the complex bursts. By contrast, because the attentional demand of the task was controlled by making it impossible for participants to anticipate the nature of the forthcoming distractor, the TBRS model did not predict a substantial difference in cognitive load between the two conditions. As a consequence, the TBRS model predicted no difference in recall performance between mixed and complex bursts. However, it predicted an effect of pace, with distractors processed at a faster pace resulting in poorer recall performance in both conditions.
Method
Participants. Twenty undergraduate psychology students (14 female, mean age ϭ 22.03 years) from the University of Geneva received partial course credit to participate. All the participants in this and the following experiments were native French speakers.
Material and procedure. Four blocks of nine series of five consonants excluding W, which is trisyllabic in French, were created avoiding repetitions, acronyms, and alphabetically ordered strings. Each block was assigned to one of the four experimental conditions resulting from the two types of distractor bursts and the two paces, for a total of 36 trials (nine per experimental condition). These assignments were counterbalanced across participants following a Latin square in such a way that each series was studied in each experimental condition. We also selected 540 two-or tri-syllabic words (6 -14 letters, written frequency greater than 1,205) from the psycholinguistic French database Lexique (New, Pallier, Brysbaert, & Ferrand, 2004) and created 90 complex bursts of four different words and 90 mixed bursts involving a maximum of two different words that took one of the following six structures : a, a, a, b; a, a, b, a; a, b, a, a; a, a, b, b; a, b, a, b; a, b, b, a. Each trial began with an asterisk centrally displayed on screen for 500 ms, followed by a 100-ms delay and a series of five letters. Each letter was presented for 1,000 ms and was followed, after a 100-ms delay, by four words successively displayed on screen for either 800 ms (600 ms on and 200 ms off) in the fast pace condition or 1,300 ms (1,000 ms on and 300 ms off) in the slow pace condition. Participants were presented with the 36 trials in a random order. They were instructed to read all letters and distractors aloud but to memorize only the letters and then to recall aloud the five letters in the correct order when a question mark appeared on screen at the end of the series. When fewer than five letters were recalled, participants were asked to specify the serial position of the missing letters. Before the experimental session, participants performed a training session consisting of four trials, with one series per experimental condition. In the test phase, participants were given a break after the 18th trial.
Results and Discussion
We performed an analysis of variance (ANOVA) on the mean number of letters recalled in correct position with the type of bursts (complex or mixed), the pace (fast or slow), and the serial position as within-subject factors. As observed in previous studies, increasing the pace at which the words were processed resulted in poorer recall performance (mean of 3.19 and 3.69 for the fast and slow pace conditions, respectively), F(1, 19) ϭ 30.73, 2 ϭ .61, p Ͻ .001. However, no significant effect of the level of novelty was observed on recall performance, F(1, 19) ϭ 3.66, 2 ϭ .16, p ϭ .07, with mixed bursts resulting in even slightly lower recall performance than complex bursts (3.35 and 3.52 letters correctly recalled for mixed and complex conditions, respectively). However, even at the faster pace, this difference did not reach significance, t(19) ϭ 1.36, p ϭ .18. The effects of the two factors did not interact (F Ͻ 1; see Figure 2 ). In addition, we observed the usual effect of serial position, F(4, 76) ϭ 34.50, 2 ϭ .64, p Ͻ .001, an effect that interacted with pace, F(4, 76) ϭ 3.70, 2 ϭ .16, p Ͻ 01, indicating steeper position curves for faster pace. No other effect reached significance.
These results remained unchanged when recall order was not taken into account, revealing an effect of pace (3.76 and 4.14 letters correctly recalled for fast and slow paces, respectively), F(1, 19) ϭ 30.61, 2 ϭ .62, p Ͻ .001; no effect of novelty (3.88 and 4.04 for mixed and complex conditions, respectively), F(1, 19) ϭ 3.95, 2 ϭ .17, p ϭ .06; and no interaction (F Ͻ 1). Manipulating the pace of the distracting task had a strong effect on recall performance, indicating that reading words induced forgetting. However, contrary to the predictions of the SOB model, reading complex bursts did not involve more forgetting than reading bursts in which words were repeated. This suggests that forgetting induced by reading words was not due to the amount of novelty the words involved and that repeating distractors did not induce better memory performance. When the task was performed at a fast pace, reading bursts with repetitions even resulted in poorer, not better, recall performance. The fact that the effect occurred at a fast but not at a slower pace suggests that the rapid repetition could have created some confusion between two successive occurrences of the same word, with participants remaining uncertain whether or not they had already processed the word currently displayed on screen. Participants were informed about the nature of the next trial in Experiment 2 to avoid this possible shortcoming.
Experiment 2
Our aim in this second experiment was to replicate the main findings of Experiment 1 while avoiding the possible effects of confusion created by repeating the same word at a fast pace. For this purpose, before each trial, participants were informed of the nature of the bursts (e.g., "words sometimes repeated" or "changing words"). Moreover, in order to obtain a task closer to that used by Lewandowsky et al. (2010) and to maximize the difference in novelty induced by complex and mixed bursts, two main changes were introduced. First, as Lewandowsky et al. did, we used bursts of three, instead of four, words. Second, complex bursts always involved three different words, but in the mixed burst condition, only two out of the five bursts involved two different words whereas the three other bursts consisted in the repetition of a same word (e.g., slide slide fly, attack attack attack, chair chair adult, century century century, sorrow sorrow sorrow). Thus, the trials in the complex burst condition involved a total of 15 different words to be read, but this total was reduced to seven in the mixed burst condition. As in Experiment 1, the SOB model predicted better recall performance in the mixed burst condition.
Method
Participants. Twenty undergraduate psychology students (18 female, mean age ϭ 21.31 years) from the University of Geneva received partial course credit to participate. None of them took part in the previous experiment.
Material and procedure. Material and procedure were the same as in Experiment 1 except that (a) bursts of three, not four, words followed each letter and (b) three out of the five bursts of a given trial in the mixed burst condition did not involve any change at all, with the same word being repeated three times. Moreover, the participants were informed about the nature of the bursts.
Results and Discussion
We performed the same ANOVA as in the previous experiment, with pace, type of bursts, and serial position as within-subject factors. As in Experiment 1, the analysis revealed a strong effect of pace, with faster pace resulting in poorer recall performance (mean of 3.06 and 3.65 for the fast and slow pace conditions, respectively), F(1, 19) ϭ 20.69, 2 ϭ .52, p Ͻ .001. As in the previous experiment and contrary to SOB predictions, the level of novelty of distractors had no effect on recall performance (mean of 3.41 and 3.30 for complex and mixed burst conditions, respectively), F(1, 19) ϭ 1.03, 2 ϭ .05, p ϭ .32, with no significant interaction with pace (F Ͻ 1; see Figure 3 ). There was also an effect of serial position, F(4, 76) ϭ 12.05, 2 ϭ .39, p Ͻ .001, which did not interact with any of the other variables. These results remained unchanged when recall order was not taken into account, with an effect of pace (3.73 and 4.13 letters correctly recalled for fast and slow paces respectively), F(1, 19) ϭ 14.27, 2 ϭ .43, p Ͻ .01; no effect of novelty (3.87 and 3.99 for mixed and complex conditions, respectively), F(1, 19) ϭ 3.48, 2 ϭ .15, p ϭ .07; and no interaction (F Ͻ 1).
When participants were informed that words could be repeated in the mixed burst condition, mixed bursts did not involve better recall performance than complex bursts. Thus, though the number of different distractors to process in the complex condition was twice that in the mixed condition (15 vs. 7), the level of novelty induced by these distractors had no effect on recall performance. Nonetheless, processing these distractors disrupted concurrent maintenance, as testified by the strong pace effect. This demonstrates that this forgetting was not due to interference created by encoding novelty, as the SOB model assumes. Before discussing the theoretical implications of these findings, we tested the other main prediction of the SOB model, which is that, when distractors are changing, increasing their number would increase the amount of novelty to be encoded and thus the amount of forgetting produced.
Experiment 3
One of the main predictions issuing from the SOB model is that, when changing distractors were being processed, increases in the number of these distractors would lead to more forgetting. Indeed, when distractors differ from each other and from the current content of short-term memory, they are encoded with a large encoding weight and superimposed onto the common weight matrix, thus blurring memory traces. As a consequence, increasing the number of these distractors would lead to more interference, more forgetting, and poorer recall. It is what Lewandowsky et al. (2010) observed: Articulating complex bursts of three different words had a more detrimental effect than articulating a single word after each memory item. In the present experiment, we tested the effect of the number of distractors to be processed by comparing the effect on the concurrent maintenance of letters of complex bursts involving either two or four words. As in the previous experiments, the pace at which these words were displayed on screen was manipulated. It should be recalled that, according to the TBRS model, recall performance is a function of the cognitive load of the intervening task, which depends on the proportion of time during which this task occupies attention. However, this cognitive load does not depend on the number of distractors to be processed but on the rate at which they are processed. Thus, as long as cognitive load remains unchanged and remote from its maximum value (i.e., as long as it remains possible to switch attention toward memory traces and reactivate them), increasing the number of distractors should not affect recall performance. This prediction was verified by Barrouillet et al. (2004) , who had adult participants memorize series of letters, each letter being followed by running counts involving either two or four operands. When presented at a constant pace, the number of operands to be processed had no effect on recall performance. The same phenomenon was observed by Barrouillet, Portrat, Vergauwe, et al. (2011) , who compared the effect on the concurrent maintenance of letters of a spatial task in which participants had to judge the location (either top or down) of squares displayed successively on screen at a constant pace. It appeared that processing either four or eight squares after each letter had no effect on recall performance. Thus, contrary to the SOB model, we predicted no effect of the number of words in the complex bursts. This third experiment also involved mixed bursts of four words as in Experiment 1. Recall that each mixed burst in the first experiment involved two different words with repetitions (i.e., the same number of different words as the two-word complex bursts of the present experiment). Because, according to SOB, repeating distractors does not involve additional forgetting, this theory predicts that mixed bursts should lead to the same recall performance as two-word complex bursts. To summarize, the SOB model predicted that four-word complex bursts should lead to poorer recall performance than two-word complex and four-word mixed bursts, which would not differ from each other. The TBRS model did not predict any effect of the type of bursts.
Method
Participants. Twenty undergraduate psychology students (18 female, mean age ϭ 20.41 years) from the University of Geneva received partial course credit to participate. None of them took part in the previous experiment.
Material and procedure. The material and procedure were the same as in Experiment 1 except that complex bursts involved either two or four words (see Figure 1) . Thus, in each condition of pace (either fast or slow), participants studied six series of letters in each of the three burst conditions, resulting in a total of 36 experimental trials that were presented in a random order for each participant. As in Experiment 1, participants were not previously informed of the nature of the forthcoming trial.
Results and Discussion
We performed an ANOVA on the mean number of letters correctly recalled, with the type of bursts (mixed, two-word complex, or four-word complex), pace (fast or slow), and serial position as within-subject factors. As in the previous experiments, there was a strong effect of pace, with fast pace resulting in poorer recall performance (2.70 and 3.34 letters correctly recalled for the fast and slow pace conditions, respectively), F(1, 19) ϭ 22.08, 2 ϭ .53, p Ͻ .001, whereas the main effect of conditions did not reach significance, F(2, 38) ϭ 2.58, 2 ϭ .12, p ϭ .09. Contrary to SOB predictions, varying the number of distractors in the complex bursts had no effect on recall performance (3.13 and 3.09 letters correctly recalled with two-word and four-word complex bursts, respectively; F Ͻ 1). As it was observed in Experiment 1, mixed bursts involved slightly lower recall performance than complex bursts (3.09 and 2.84 letters correctly recalled with four-word complex and mixed bursts, respectively), F(1, 19) ϭ 3.84, p ϭ .06. More precisely, there was no effect related with novelty when words were displayed at a slow pace, whereas mixed bursts elicited lower recall performance at a fast pace, t(19) ϭ 4.26, p Ͻ .001, resulting in a significant interaction between pace and conditions, F(2, 38) ϭ 6.40, 2 ϭ .25, p Ͻ .01 (see Figure 4 ). There was also an effect of serial position, F(4, 76) ϭ 12.68, 2 ϭ .40, p Ͻ .001, which interacted with pace, with fast pace involving a steeper position curve, F(4, 76) ϭ 2.93, 2 ϭ .13, p Ͻ .05. When recall order was not taken into account, results were roughly the same. There was still a pace effect (3.27 and 3.74 letters correctly recalled for the fast and slow pace conditions, respectively), F(1, 19) ϭ 20.66, 2 ϭ .52, p Ͻ .001, but the effect of conditions was now significant, F(2, 38) ϭ 5.43, 2 ϭ .22, p Ͻ .01. Increasing the number of distractors in the complex bursts still had no effect on recall performance (3.59 and 3.64 letters with two-word and four-word complex bursts, respectively; F Ͻ 1). As previously observed, mixed bursts led to lower recall performance than complex bursts (3.64 and 3.28 letters with four-word complex and mixed bursts, respectively). More precisely, a significant interaction between pace and novelty indicated that mixed bursts led to lower recall performance only at the fast pace (2.83 for mixed bursts compared with 3.43 and 3.45 for four-word and two-word complex bursts, respectively) and not at the slow pace (3.73, 3.85, and 3.63 respectively), F(2, 38) ϭ 10.86, 2 ϭ .36, p Ͻ .001. As did the previous experiments, this third experiment contradicted SOB expectations. Increasing the number of words in complex bursts did not result in poorer recall performance, whatever the pace at which these words were read, confirming that, at a constant pace, the detrimental effect of concurrent processing does not depend on the number of distractors to be processed, as the TBRS model assumes. As we observed in Experiment 1, in which participants were not informed of the nature of the forthcoming bursts, varying the amount of novelty from mixed to complex bursts did not have the effect predicted by SOB. In fact, mixed bursts resulted in even lower recall performance when words were displayed at a fast pace. This was probably due to the fact that the quick succession of words on screen induced some confusion between those to be processed and those already read. This confusion probably diverted attention, preventing participants from efficiently maintaining memory traces. In summary, when participants cannot anticipate the nature of the forthcoming distractor and are thus obliged to pay attention to it, none of the effects predicted by the SOB model occurred: New distractors did not lead to more forgetting than repeated distractors, and varying the number of changing distractors to be processed after each memorandum had no effect on memory. Nonetheless, the ubiquitous pace effect testified that the intervening reading task induced forgetting. It can thus be concluded that this forgetting was not produced by representation-based interference resulting from encoding novelty.
These facts suggest that the results observed by Lewandowsky et al. (2010) were due, as we surmised, to a confound between the similarity of the words in the different types of bursts and the attentional demand induced by their processing. This does not mean that the attentional demand induced by reading lists of words is necessarily independent from their nature. For example, it is possible that when the same word is repeatedly presented without any variation, its base-level activation strongly increases (Anderson, 1993) . In this case, its identification might take less and less time, resulting in a lower cognitive load than reading series of changing words. Experiment 4 explored this possibility. For this purpose, we used the same complex three-word bursts as in Experiment 2, as well as the same mixed burst condition in which three out of five bursts involved the same word that was repeated three times and only two bursts involving two words with a repetition (e.g., slide slide fly, attack attack attack, chair chair adult, century century century, sorrow sorrow sorrow). We added to these two conditions a third condition in which bursts did not induce any change at all, each letter being followed by a word repeated three times (e.g., slide slide slide, attack attack attack, chair chair chair, century century century, sorrow sorrow sorrow). This condition corresponded to simple bursts. 
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Experiment 4
Our aim in this experiment was twofold. First, it aimed at replicating the findings of the previous experiments while controlling for additional factors. We have already observed in Experiment 2 that when participants were informed about the nature of the trials, the difference between mixed and complex bursts disappeared. However, it is possible that the information about frequent repetitions was not sufficient to avoid confusion between successive identical stimuli because they appeared on screen at the same place. To avoid any possible confusion in the present experiment, we informed participants of the nature of the trial ("changing words" for the complex burst condition or "words sometimes repeated" for the mixed and simple burst conditions), and the three words of each burst were displayed in three different places (left, middle, and right) along a virtual horizontal line centered on screen. Second, we compared the impact on recall performance of simple bursts in which there was no change at all, each letter being followed by a word repeated three times, with the effect of mixed and complex bursts as used in Experiment 2. Thus, although trials with complex bursts involved 15 different distractors with no repetition, the mixed bursts involved seven different words and eight repetitions and the simple bursts involved five different words (one after each letter) and 10 repetitions.
Method
Participants. Twenty undergraduate psychology students (27 female, mean age ϭ 20.81 years) from the University of Geneva received partial course credit to participate. None of them took part in the previous experiments.
Material and procedure. The material and procedure were the same as in Experiment 2 except that we created a third type of bursts, along with the complex and mixed bursts, in which a different word was repeated three times after each letter (simple bursts). There were six trials for each of these three types of bursts in each condition of pace (fast or slow), resulting in 36 experimental trials. Moreover, after each letter, the three words were displayed in three different locations-middle left, center, and middle right-on the screen.
Results and Discussion
We performed an ANOVA on the mean number of letters correctly recalled, with the type of bursts (complex, mixed, or simple), pace (fast or slow), and serial position as within-subject factors. As in the previous experiments, there was a significant effect of pace, with faster presentation of the words resulting in poorer recall (2.63 and 3.16 letters correctly recalled in the fast and slow pace conditions, respectively), F(1, 19) ϭ 27.81, 2 ϭ .59, p Ͻ .001. There was also an effect of the type of bursts, F(2, 38) ϭ 8.08, 2 ϭ .30, p Ͻ .01, that did not interact with pace (F Ͻ 1). More precisely, as we observed in Experiment 2, there was no significant difference between complex and mixed bursts (2.70 and 2.72, respectively), whereas simple bursts involved better recall performance (3.26). Finally, there was a significant effect of serial position, F(4, 76) ϭ 22.75, 2 ϭ .54, p Ͻ .001, that did not interact with other factors (see Figure 5 ). These effects remained unchanged when recall order was no longer taken into account. The effect of pace was still significant (3.34 and 3.89 letters in the fast and slow pace conditions, respectively), F(1, 19) ϭ 38.94, 2 ϭ .67, p Ͻ .001, as was the effect of novelty, F(2, 38) ϭ 13.93, 2 ϭ .42, p Ͻ .001. There was no significant difference between complex and mixed bursts (3.36 and 3.26 respectively), but simple bursts elicited better recall performance (3.92).
The results of this experiment were very clear. First, we replicated the main finding from Experiment 2, which was that mixed bursts did not involve better recall performance than complex bursts. This confirms that the lower performance elicited by mixed bursts presented at a fast pace in Experiments 1 and 3 was due to the confusion created by the fast repetition of identical stimuli on the same location on screen. When any possibility of confusion was discarded by informing the participants about the possibility of repetitions and presenting successive distractors in different locations, any difference between complex and mixed bursts disappeared (mean recall of 2.70 and 2.72, respectively). Second, when the bursts following each letter did not involve any change at all (i.e., simple bursts), this resulted in a strong increase in recall performance. Although there were important differences in the method used, this effect replicates that of Lewandowsky et al. (2010) , who observed that repeating the same distractor three times resulted in better recall performance than articulating three different distractors. However, our overall pattern of results suggests that this difference is not due to the fact that articulating different distractors leads to a higher level of representation-based interference resulting from encoding a higher level of novelty, as the SOB model assumes. Indeed, if forgetting and recall performance were a function of the strength with which distractors are encoded, with novel distractors receiving large encoding weight, the largest difference in recall performance would have been observed between complex bursts, which involved 15 different distractors, and mixed bursts, which involved only seven different distractors (and eight repetitions). However, there was no difference between these two conditions. By contrast, mixed and simple conditions that differed by only two out of 15 distractors elicited different recall performance.
As we suggested above, this effect was more probably due to the prolonged attentional capture produced by the rare irruption of novel distractors in the mixed bursts, something that did not happen with simple bursts. Recall that before simple and mixed bursts, participants were informed that words will be "sometimes repeated." However, simple bursts did not involve any change (i.e., words were always repeated), and in mixed bursts only two changes occurred in unpredictable places. Because the activities of maintaining memory traces in an active state were temporally constrained by the fixed pace of the reading task, it can be imagined that the rare changes occurring in mixed bursts produced a prolonged capture of attention that prevented participants from maintaining memory traces. The resulting memory loss probably made mixed bursts and complex bursts similar in the attentional capture they elicited. This hypothesis is tested in the next experiment. By contrast, simple bursts would have facilitated maintenance activities because the same word was repeatedly displayed, speeding up its identification and freeing time for maintenance purpose. Thus, even if bursts involving no change at all resulted in better recall performance, this cannot be viewed as supporting SOB predictions, because the entire pattern of results makes clear that recall performance did not reflect the amount of novelty involved by the different bursts we used.
The four first experiments reported all involved the same distracting task, which was word reading. In a last experiment we aimed at generalizing the main findings observed in this study by using another working memory span task involving a categorization task as processing component. The interest of this task was to allow for the measure of processing times, something that would in turn allow for the comparison of attentional demand between complex and mixed bursts. Moreover, this last experiment explored the possible effect of the structure of mixed bursts. Though all these bursts were made of two different words, they could differ in their disruptive effect depending on the number of immediate changes and repetitions they involved. For example a four-word mixed burst with an a, a, b, b structure involves one change, from a to b, and two repetitions; the a, b, b, a structure involves two changes and only one immediate repetition. These structures could involve different levels of novelty that could have an effect on forgetting.
Experiment 5
This last experiment used a working memory span task in which participants were asked to maintain series of five letters, each letter being followed by four words successively displayed on screen. The task of the participants was to perform a semantic judgment task and decide if each word was a name of animal or not by pressing keys on the keyboard. As in Experiment 3, we compared the effects of two-and four-word complex bursts with the effect of four-word mixed bursts, the structure of which involves either one or two changes. As in Experiment 4, participants were informed of the nature of the bursts, the words of which were successively displayed on screen in four different locations. As in the previous experiments, the SOB model predicted poorer performance for four-word complex bursts than for two-word complex bursts and four-word mixed bursts.
Method
Participants. Twenty undergraduate psychology students (16 female, mean age ϭ 25.1 years) from the University of Geneva received partial course credit to participate. All the participants were native French speakers, and none of them took part in the previous experiments.
Material and procedure. The material and procedure were the same as in Experiment 3 except for the concurrent task, which was no longer a reading task but a categorization task in which participants had to decide for each word whether or not it belonged to the animal category. In addition, as in Experiment 4, the participants were previously informed of the nature of the forthcoming trial ("changing words" or "words sometimes repeated") and of the number of words ("2" or "4"). Words of each burst were successively displayed on different places (from left to right) along a virtual horizontal line centered on screen.
We selected 480 words, half of them corresponding to animal names. Animal and nonanimal words were matched regarding number of syllables and frequency. We created 60 complex bursts of two different words, 60 bursts of four different words, and 60 mixed bursts. In this last category, 30 mixed bursts had a structure involving one change (a, a, a, b; a, b, b, b; a, a, b, b) and 30 mixed bursts involved two changes (a, b, b, a; a, b, a, a; a, a, b, a) . Within the five bursts of a given trial, half of the words were animal names. However, in the course of a trial, word presentation was randomized such as participants could not anticipate the category of the forthcoming word within a burst.
Participants were presented with 36 trials in a random order. They were instructed to read the letters and to categorize the words as quickly and accurately as possible by pressing the appropriate keys (q for "yes" and p for "no"). Each word was displayed on screen for either 1,000 ms (800 ms on and 200 ms off) in the fast pace condition or 1,600 ms (1,300 ms on and 300 ms off) in the slow pace condition. Before the experimental session, participants performed a training session consisting of six trials, with one series per experimental condition.
Results and Discussion
Recall performance analyses. We performed an ANOVA on the mean number of letters recalled in correct position with the type of bursts (two-word complex, four-word complex, and fourword mixed), the pace (fast or slow), and serial position as withinsubject factors. As in previous experiments, the analysis revealed a strong effect of pace, with faster pace resulting in poorer recall performance (mean of 3.43 and 4.23 for the fast and slow pace conditions, respectively), F(1, 19) ϭ 36.72, 2 ϭ .66, p Ͻ .001. The type of bursts had no significant effect on recall performance, F(2, 38) ϭ 2.82, 2 ϭ .13, p ϭ .07, with no significant interaction with pace (F Ͻ 1). Contrary to SOB predictions, varying the number of distractors in the complex bursts had no effect on recall performance (3.73 and 3.80 letters correctly recalled with twoword and four-word complex bursts, respectively; F Ͻ 1), and four-word complex bursts did not significantly differ from fourword mixed bursts (3.95 and 3.80 letters correctly recalled with mixed and four-word complex bursts, respectively), F(1, 19) ϭ 2.03, p ϭ .17 (see Figure 6 ). There was no significant effect related with novelty when words were displayed at a fast pace (F Ͻ 1) or at a slow pace (p ϭ .17). In addition, the structure of mixed bursts had no effect on recall performance (3.93 and 3.98 for one-change and two-change mixed bursts, respectively; F Ͻ 1), and there was no significant interaction with pace (p ϭ .08). The effect of serial position was significant, F(4, 76) ϭ 17.13, 2 ϭ .47, p Ͻ .001, and interacted only with pace, with steeper serial position curve at fast pace, F(4, 76) ϭ 2.68, 2 ϭ .12, p Ͻ .05. No other effect reached significance. These results remained unchanged when recall order was not taken into account, revealing an effect of pace (4.05 and 4.53 letters correctly recalled for fast and slow pace, respectively), F(1, 19) ϭ 19.98, 2 ϭ .51, p Ͻ .001, but no significant effect of novelty (4.25, 4.24, and 4.36 letters correctly recalled with twoword, four-word complex bursts, and four-word mixed bursts, respectively), F(2, 38) ϭ 1.41, 2 ϭ .07, p ϭ .26. No interaction reached significance (F Ͻ 1). As in the previous analysis, the structure of mixed bursts had still no effect on recall performance (4.38 and 4.34 for one-change and two-change mixed bursts, respectively; F Ͻ 1).
Analysis of response times in the categorization task. All participants had more than 80% of correct responses in the categorization task (M ϭ 85%). Response times for correct and incorrect responses were registered. When participants did not give their response within the allowed delay, they were credited with the maximum time available for processing the word (800 or 1,300 ms, according to the pace condition). These nonresponses were more frequent at fast pace (16%) than at slow pace (1%; p Ͻ .001), but within the fast pace trials, their frequency did not vary between conditions (17%, 17%, and 14% for the four-word complex, fourword mixed, and two-word complex bursts, respectively). We then performed an ANOVA on the mean response times with the type of bursts (two-word complex, four-word complex, and four-word mixed) and the pace (fast or slow) as within-subject factors. The analysis revealed an effect of pace, with faster pace resulting in shorter response times (mean of 616 ms and 679 ms for the fast and slow pace conditions, respectively), F(1, 19) ϭ 40.90, 2 ϭ .68, p Ͻ .001. This indicates that under time pressure, participants are quicker to respond. In addition, four-word mixed bursts elicited faster responses (593 ms) than four-word complex bursts (672 ms) and two-word complex bursts (677 ms), F(2, 38) ϭ 167.67, 2 ϭ .90, p Ͻ .001. This suggests that repeated words were processed more quickly than changing words. There was also a significant interaction between pace and type of bursts, F(2, 38) ϭ 4.23, 2 ϭ .18, p Ͻ .05, due to a stronger pace effect in the two-word complex (642 ms and 712 ms for the fast and slow pace, respectively) and in the four-word complex (636 ms and 708 ms for the fast and slow pace, respectively) compared to the four-word mixed burst conditions (569 ms and 617 ms for the fast and slow pace, respectively).
Registering response times made possible the comparison between competing accounts of forgetting. According to the TBRS model, recall performance is a function of the cognitive load, conceived of as the ratio between the time during which processing occupies attention and the total time allowed to perform the intervening task. We used the mean processing times as a raw proxy of the duration of attentional capture and computed a mean cognitive load for each of the six experimental conditions by dividing mean processing times by the time allowed to process the words (i.e., 1,000 ms and 1,600 ms in the fast and slow pace conditions, respectively). Mean recall performance was regressed on these cognitive loads. The regression analysis revealed a clear linear trend, with cognitive load accounting for 98% of the variance in mean recall performance (see Figure 7 ). The SOB model assumes that recall performance depends on the amount of interference created by processing the distractors. More changing distractors would result in more interference and thus in poorer recall performance. Recall performance should thus depend on the amount of this interference that can be approximated by the number of different words that the bursts contained, with the four-word mixed bursts involving two different words. Regression analysis revealed that recall performance had no relation at all with the number of different distractors (r ϭ Ϫ.045). Further tests of the model consisted in considering that, instead of adding no interference at all, repeated words in mixed bursts had some effect on the amount of interference created. For this purpose, we fixed to 0.2 the contribution of repeated words, instead of 0 in the previous analysis (mixed bursts were thus given a weight of 2.2). This led to a poorer fit, with r ϭ Ϫ.024. In fact, further increases in the contribution of repeated words resulted in poorer and poorer fit.
These results were confirmed in a generalized linear mixed model analysis with logistic link carried out with the lme4 package (Bates & Maechler, 2010 ) in R (R Development Core Team, 2010 . Cognitive load and number of different words were entered in a model, with recall performance (number of correctly recalled items out of five) as the dependent measure and participants as the random factor. For this purpose, the cognitive load involved by each of the six experimental conditions was approximated for each participant using his or her mean response time in this condition. Recall performance increased significantly as the cognitive load decreased (␤ ϭ Ϫ5.21, z ϭ 12.85, p Ͻ .001). There was no significant effect of number of distractors (␤ ϭ 0.04, z ϭ 0.84, p ϭ .40).
This experiment confirmed and extended the results of the previous experiments with a different intervening task. As in Experiment 3, increasing the number of changing distractors from two to four had no significant effect on recall performance. When half of the changing distractors in four-word complex bursts were replaced by repetitions, this did not lead to a significant increase in recall performance. Contrary to the previous experiments, the task used in the present experiment allowed us to approximate the attentional demand of the different conditions through the measure of processing times. It appeared that the cognitive load provided a very good fit of the data, suggesting that the moderate increase in recall performance observed between complex and mixed bursts (from 3.80 to 3.95) could be due to a lower cognitive load involved by the mixed bursts, which elicited shorter processing times (from 672 ms to 593 ms). By contrast, the novelty of the distractors did not have any detectable effects above and beyond the effect of cognitive load.
General Discussion
Our aim in this series of experiments was to test the main predictions put forward by Lewandowsky et al. (2010) concerning the effect of the novelty of the distractors to be processed while maintaining information for further recall in complex span tasks. According to the first prediction, novel distractors receive a large encoding weight that interferes with memory items, but repeated items would result in negligible encoding weight and would not produce further forgetting. The second prediction is that increasing the number of novel distractors to be processed would increase the amount of interference and lead to more forgetting: "the greater the number of items that are encoded, the more their representations are blurred" (Lewandowsky et al., 2009, p. 121) . Two main facts arose from our results. First, in five experiments, replacing more than half of the novel distractors by repetitions did not result in better recall performance. Second, even doubling the number of Figure 7 . Recall performance as a function of the cognitive load involved by the intervening task in Experiment 5. Squares refer to two-word complex bursts, triangles to four-word complex bursts, and circles to four-word mixed bursts. novel distractors did not lead to more forgetting (Experiments 3 and 5). These null results raise the question of the sensitivity of our experiments. However, it is highly improbable that the absence of effect of novelty is due to a lack of sufficient power. The strong and systematic effect of pace in five successive experiments (d values ranging from 1.02 to 1.35, ps Ͻ .001, minimum F value Ͼ 20, minimum 2 Ͼ .50) testifies for the statistical power of our experiments. Our sample sizes were of 20 participants, which is not so far from the 24 participants involved in the Lewandowsky et al. (2010) experiments. Moreover, we are not facing a situation in which expected differences occur quantitatively but fail to reach significance, which is the situation in which lack of statistical power can be suspected. We manipulated the number of distractors in complex bursts in two experiments (Experiments 3 and 5). A small difference occurred in the former in favor of the two-word complex bursts compared with four-word complex bursts (3.13 compared with 3.09, F Ͻ 1, d ϭ 0.06), but this difference was reversed in the latter experiment (3.73 compared with 3.80, d ϭ 0.18). When averaging the two experiments, the means are 3.43 and 3.44 for two-word and four-word complex bursts, respectively. We compared complex and mixed bursts in five experiments. The effect was in a direction opposite that predicted by the SOB model in three of them. Even when only the experiments in which participants were informed about the nature of the forthcoming bursts (i.e., Experiments 2, 4, and 5) are taken into account, a meta-analysis on the comparison between mixed and complex bursts indicates mean recall performance of 3.32 and 3.31, respectively, resulting in a d value of 0.03. Thus, we believe that the absence of effect related to novelty is not due to a lack of sensitivity of our experiments.
Instead, our results suggest that the forgetting related to processing distractors was not due to some representation-based interference resulting from encoding novelty, which does not seem to have any effect per se. These findings require a reassessment of the results that have been taken as empirical evidence supporting the novelty-gated encoding hypothesis in accounting for forgetting in the short term and call for an alternative explanation. We address these two points in turn.
Novel vs. Repeated Distractors: Reassessing Empirical Evidence
As do most of the models that aim to account for forgetting through interference, the SOB model presents itself as an alternative to temporal decay . It is thus not so surprising that most of the empirical evidence invoked by Lewandowsky and his colleagues in favor of interference was produced with the primary aim of demonstrating that there is no temporal decay of memory traces in the short term. This is, for example, the case of Lewandowsky, Duncan, and Brown (2004) , who had participants recall a list of letters while repeating an irrelevant word (super) one, two, or three times before each retrieval. Lewandowsky and colleagues are used in describing the results of this manipulation as revealing no effect of the number of repetitions of the distractor super: "Lewandowsky et al. found that recall performance was unaffected by the number of times the distractor was repeated between memory retrievals" (Oberauer & Lewandowsky, 2008, p. 546) . This is actually not the case. Lewandowsky et al. (2004) did found a significant effect of the number of repetitions, even if it was judged as "small in amplitude" (Lewandowsky et al., 2004, p. 786) . Oberauer and Lewandowsky (2008) replicated this undesired effect in their Experiment 1, where three repetitions of super at retrieval resulted in poorer recall than one repetition. This effect, considered as small, was nonetheless associated with an F value of 10.1 and a partial 2 of .35. By contrast, the number of repetitions had no effect at all when they occurred at encoding (i.e., after the presentation of each memory item). Surprisingly, this effect occurred in a second experiment, though being associated with a marginal p value of .05, whereas the effect of the number of repetitions at retrieval disappeared. However, when each repetition of super at retrieval was associated with a choice reaction task, a strong effect of the number of distractors reappeared. In summary, the results related to the manipulation of the number of repetitions of the same distractor are inconsistent. This could be due to the fact that all these experiments were run using self-paced tasks. We have demonstrated in several studies that it is not the number of distractors that matters but the pace at which they are processed, which determines the rate at which the intervening processing occupies attention (Barrouillet et al., 2004 (Barrouillet et al., , 2007 Lépine et al., 2005) . Thus, it remains uncertain whether conclusions can be drawn about the effect of distractors from experimental settings that do not allow for a strict control of temporal factors.
As we argued in the introduction and the present results confirm, the Lewandowsky et al. (2010) results were mainly due to a confound between the novelty of the distractors and the amount of attention their processing required. The same criticism applies to the results of Lewandowsky et al. (2008) , who tested the hypothesis that repeating the same distractor does not affect forgetting whereas articulating different distractors leads to more forgetting. For this purpose, they had participants articulate distractors between recalls of memory items, and they contrasted simple bursts in which participants were asked to repeat the same month (e.g., "January, January, January") with complex bursts in which participants articulated the list of months (i.e., "January, February, March"). We will not comment here, because this has been done above, on the fact that Lewandowsky et al. (2008) presented distractors in the same way as Lewandowsky et al. (2010) , participants being free to postpone processing at their convenience to rehearse the memoranda without any possibility for the experimenters to efficiently counteract this tendency. We will instead concentrate on Lewandowsky et al.'s (2008) assumption that because the months of the year constitute a predictable and wellrehearsed sequence, this material minimized the difference between simple and complex bursts in demand of cognitive resources. This is doubtful because at least one study used the same material (i.e., repeating the same month vs. reciting the sequence) as a secondary task and observed differential effects on a primary task. When studying automaticity, Klapp, Boches, Trabert, and Logan (1991) asked participants to solve alphabetic arithmetic problems (e.g., D ϩ 4 ϭ H?) while articulating either the same month (e.g., "January, January, January, . . .") or the sequence ("January, February, March, . . ."). They observed that, when participants had reached automaticity and retrieved from memory the answers of the arithmetic problems instead of calculating them, repetitive month saying produced little interference on arithmetic performance. By contrast, sequential month saying still disrupted arithmetic problem solving and induced longer response times. Klapp et al. reasoned that the memory retrievals involved by the recitation of the sequence competed with and postponed the retrieval of the answers of the problems, resulting in longer response times, something that could not occur when the same word was repeated. It is worth noting that the differential effects of repetitive and sequential month saying evidenced by Klapp et al. have nothing to do with similarity of items, novelty, or representation-based interference but rely on the concurrent occupation of a bottleneck for retrieval. If we assume that the maintenance of memory traces in the short term relies on attentional refreshing and involves executive processes that occupy the central bottleneck, it becomes clear how repeating the same word or reciting a sequence can have differential effects on concurrent maintenance. We have discussed elsewhere the other experiments of the Lewandowsky et al. (2008) study, and we will not reiterate these analyses Barrouillet, Portrat, Vergauwe, et al., 2011) .
In summary, most of the results taken as evidence in favor of the SOB model and its emphasis put on the novelty of the distractors in complex span tasks can be accounted for by the alternative hypothesis, according to which processing intervening distractors has an effect on concurrent maintenance commensurate with the attentional demand of this processing. What our results demonstrate is that, when the attentional demand and the temporal aspects of the secondary task are properly controlled, the novelty of the distractors has no effect per se. Thus, it seems that accounting for the detrimental effect of processing on complex span tasks requires alternative hypotheses.
In Search for Alternative Explanations
The fact that interference resulting from novelty-sensitive encoding is not a plausible candidate in accounting for forgetting in the short term does not mean that representation-based interference does not play any role. Indeed, other mechanisms of interference have been described than the interference by superposition assumed by the SOB model. For example, it has been claimed that interference and forgetting can result from feature overwriting (Nairne, 1990; Oberauer & Kliegl, 2006) . Within this account, if items in short-term memory share features, these features can be overwritten and deleted, resulting in degraded memory traces and forgetting. Because, in complex span tasks, distractors are encoded in short-term memory along with memory items, distractors that share features with these items could create interference. Interestingly, this hypothesis has been tested in recent studies. Oberauer, Lange, and Engle (2004) used a complex span task paradigm in which participants were presented with lists of words to be memorized, each word being followed with three additional distractor words that participants were asked to read aloud. The level of semantic and phonological similarity of these distractors with the memoranda was manipulated. Surprisingly, similarity had very little effect on recall performance: Phonological similarity had no effect at all, whereas semantic similarity had a small impact that was not observed consistently for all list lengths and that was consequently considered as spurious. Oberauer et al. (2004) concluded that their results pointed to the need for theories of interference that would more precisely indicate in which conditions similarity affects working memory performance. This was done by Lange and Oberauer (2005) and Oberauer and Lange (2008) , who used approximately the same task as that in Oberauer et al. (2004) . However, in Lange and Oberauer (2005) , one of the list items was chosen as a target in such a way that all its phonological features occurred in the secondary task words. In line with the overwriting hypothesis, the recall of this target word was impaired compared with that of the other words of the list. Oberauer and Lange (2008) showed that a target word bearing a high similarity with one of the following distractors was recalled less well than a control word but that the same effect occurred when the phonemes of the target were distributed among all the distractors, none of them being highly similar to this target.
In a further study, Oberauer (2009) systematically contrasted similarity and phonological overlap between memory items and distractors and demonstrated that only high phonological overlap, and not similarity, has a detrimental effect on recall performance. This study provided evidence for feature overwriting as the mechanism underpinning interference. It is surprising that phonological similarity has no effect because phonologically similar distractors necessarily share most of their phonemes with the related memory items, creating a high feature overlap. Oberauer explained this absence of effect by suggesting that feature overlap would involve feature overwriting and forgetting but that phonological similarity would have a beneficial effect that could counteract this detrimental effect. This beneficial effect would result from the mutual activation of phonological neighbors in long-term memory, similar distractors helping to maintain memory items in an active state. In summary, Oberauer's studies demonstrate that representationbased interference through feature sharing is one of the factors accounting for forgetting in working memory.
However, it is difficult to imagine that representation-based interference is sufficient to account for the dramatic effect that processing distractors can have on working memory (see, e.g., the effects resulting from pace manipulations while both the number and nature of distractors remain unchanged in Barrouillet et al., 2004 Barrouillet et al., , 2007 . It is interesting to note that Oberauer (2009) also manipulated the pace at which distractor words were read, as we did in the present study. He observed a strong pace effect in all his eight experiments (the effect sizes ranged from d ϭ 0.78 to d ϭ 1.22, with a maximum p value of .005), including those in which the manipulation of the level of phonological similarity between memory items and distractors had no effect on recall performance. This fact is of importance because a better recall performance at a slow pace necessarily reveals that processing distractors at the faster pace produced forgetting. However, if manipulating the level of phonological similarity between distractors and memory items had no effect, where did this forgetting come from? It could have been assumed that the level of novelty of these distractors also plays a role in creating interference, but we have seen that novelty has most probably no effect per se. The simplest way to account for this forgetting and its variations with the pace at which the concurrent processing is performed is to assume, as the TBRS model does, that memory traces suffer from a temporal decay when attention is occupied by this processing, preventing attentional refreshing from taking place. The extended TBRS model assumes that although representation-based interference would occur at a peripheral level of working memory, the cognitive load of concurrent processing would have its effect at the central attentional level of working memory Camos et al., 2009) . The independence of the two mechanisms was supported by the results of Oberauer (2009) , who observed no interaction between the effects of pace and feature overlap.
In conclusion, there is no doubt that forgetting in working memory is a multifactorial process most probably involving representation-based interference and time-related decay. However, the results of the present study suggest that interference through novelty-sensitive encoding does not contribute to forgetting, contrary to the SOB model hypothesis.
